It was hypothesized that autonomy-supportive coaching behaviors, psychological needs 2 satisfaction, and mental toughness would increase, and controlling coaching behaviors and 3 psychological needs thwarting would decrease following a coach-directed autonomy-4 supportive intervention. Data related to these hypotheses were collected with coaches (N = 5 18) and adolescent rowers (N = 61) prior to and following an 8-week intervention, and 8-6
Implementing an Autonomy-Supportive Intervention to Develop Mental Toughness in 17

Adolescent Rowers 18
With an increased understanding of mental toughness and its key components 19 (Gucciardi & Gordon, 2011) , researchers have shifted their attentions and efforts from these 20 foundational topics to exploring key factors associated with mental toughness development 21 (Gucciardi differences, these definitions share considerable conceptual space. Gucciardi, Hanton, Gordon, 34
Mallett and Temby (2015) acknowledged these similarities, and defined mental toughness as 35 the capacity to attain and sustain high performance standards commensurate with subjective 36 (e.g., goal progress) and objective indicators (e.g., race times), especially when faced with 37 challenges, stressors, and adversities. Based on this definition, mental toughness is a concept 38 that broadly references the optimization of human functioning. Like mental toughness, the 39 optimization of human functioning is also a central focus of SDT -in particular, the processes 40 and conditions that foster and forestall such functioning (Deci & Ryan, 2000) . As such, the 41
The Current Study 120
This study advances previous work in three important ways. First, it is the first SDT-121 based intervention with mental toughness as an outcome variable, hence, it makes a unique 122 contribution to both SDT and mental toughness literatures. Second, we experimentally test 123 previous arguments and correlational evidence that have indicated that coaching environments 124 might promote mental toughness development through psychological needs satisfaction 125 . Third, this study 126 provides both quantitative and qualitative evaluations of the effectiveness of the intervention 127 and identifies barriers and solutions for future intervention work in this area. 128
We hypothesized that coaches would display more autonomy-supportive behaviors and 129 less controlling behaviors following exposure to an autonomy-supportive intervention. 130
Additionally, we predicted that athletes' perceptions of autonomy-supportive coach behaviors, 131 psychological needs satisfaction, and mental toughness would increase after coaches had 132 undergone the intervention. In contrast, we expected that athletes' perceptions of controlling 133 coach behaviors and psychological needs thwarting would decrease following the intervention. 134
We expected that these changes would be sustained eight weeks after the end of the 135 intervention. As this study represented one of the very few controlled experiments designed to 136 assess the effectiveness of an autonomy-supportive intervention with coaches, we also 137 interviewed coaches to gather their thoughts on the strengths and weaknesses of the 138 intervention. The aim of these interviews was to gather information that could help strengthen 139 future efforts in this area of research and practice. 140
Method 141
Participants 142
Adolescent athletes (n = 113) and their respective coaches (n =18) were recruited from 143 four rowing clubs in the UK. Rowing was selected because it is a sport with year-round 144 competition, making data collection possible over the course of the study. Observations. An adaptation of the observational rating scale for teacher and student 213 behavior employed by Tessier, Sarrazin, and Ntoumanis (2010) was used to assess coaches' 214 behaviors. This checklist requires trained observers to score coaches' behaviors on a 7-point 215 scale across three broad categories: autonomy support (comprising organizational instructions, 216 rationales, coach guidance), interpersonal involvement (comprising coach-athlete interaction), 217 and structure (comprising introduction, leadership, workload, scaffolding, and debrief). compliance. Upon completion of the intervention, athletes from both groups again completed 245 the aforementioned questionnaire package. These activities formed the post-intervention and 246 second baseline data collection points for Group 1 and Group 2, respectively. Coaches in 247
Group 2 then participated in the 8-week intervention, before athletes completed the 248 questionnaire package for a third time. At this data collection point, coaches' behaviors were 249 again recorded as before, and a randomly selected sub-sample of coaches (n = 5; three coaches 250 from the autonomy-supportive intervention without delay) participated in the semi-structured 251 interviews. These activities formed the follow-up and post-intervention data collection points 252
for Group 1 and Group 2, respectively (see Table 1 for an illustration of the data collection 253 points for the study). The collection of follow-up data 8-weeks following the completion of the 254 intervention was deemed necessary to explore any maintenance effects of the intervention. 
Coding and Analysis of Interviews 291
Interviews ranged from 35-42 minutes in duration. Content analysis protocols were 292 employed to interpret data from these interviews. Content analysis is an established data 293 analysis method used for describing and quantifying phenomena and comprises three phases: 294 preparation, organizing, and reporting (Elo & Kyngäs, 2007) . In the first of these phases 295 (preparation), transcripts are read and re-read as a way for researchers to immerse themselves 296 in the data. Data are not analyzed during this phase per se; analysis is typically reserved for the 297 second phase. During the second phase (organizing), researchers read the transcripts and 298 journal comments next to interesting or significant statements, labeling these comments using 299 terms and short phrases. Employing a higher level of abstraction, these terms and short phrases 300 are then categorized into a small number of higher order themes. Two third-party researchers, trained in qualitative methods, but unaware of the aims 307 and hypotheses of the study, conducted the analysis. The first researcher completed the content 308 analyses first before presenting the second researcher with a deconstructed results table 309
(including uncategorized raw data, subordinate themes, and superordinate themes) for the 310 second researcher to reconstruct. The second researcher's reconstruction was 86% consistent 311 with the first researcher's initial table. The lead author then met with both researchers to 312 discuss disagreements until a consensus was formed about the hierarchical structure of the 313 analysis. Finally, a detailed overview of the results was presented to the participants following 314 analysis. Participants were asked to reflect on and verify the accuracy of the analysts' 315 interpretations; participants voiced no disagreements. 316
Results
317
Retention 318
All 18 coaches participated across the entire duration of the study. However, athlete 319 retention was comparatively poor. Only 61 of the original 113 rowers completed all data 320 collection points. This attrition was due largely to athletes terminating their participation in 321 rowing, and absenteeism during data collection points. With regards to the latter, coaches from 322 all four clubs speculated that school holidays and examinations were the main causes of 323 participant absenteeism. This attrition occurred despite attempts to schedule data collectionpoints outside school holidays and examination periods. The attrition rate of athlete 325 participants across the study is depicted in a CONSORT flow diagram in Figure 1 . 326 or any significant time x condition interactions across the study variables (see Table 2 for 334 descriptive statistics and a summary of results). 335
Quantitative Data Analysis
Observational Data Analysis 336
Intra-rater reliability analyses were conducted and revealed acceptable consistencies 337 between the scores of the two raters (Ó = .84, 95% CI [0.58, 0.97]). Both raters were blind to 338 the aims of the study and the experimental condition to which the coaches belonged. A mixed-339 design ANOVA revealed no main effects for time or condition, or any significant time x 340 condition (2x2) interactions (see Table 2 for descriptive statistics and summary of results). 341
Qualitative Data Analysis 342
Coaches identified a number of benefits and barriers related to the intervention. Implicit 343 within these comments were recommendations for future interventions. Below we discuss the 344 themes that emerged from the interviews, providing descriptions and examples of each (see 345 Table 3 for a summary of the content analysis). 346
Intervention benefits. Coaches identified five benefits of the workshops: the 347 opportunity to share ideas in a group setting, enhanced insight, affirmation of current coach 348 practices, application of skills beyond rowing, and practical skill use. Coaches expressed the 349 value of the group-based nature of the workshops and how sharing opinions, ideas, and 350 perspectives helped facilitate learning. Most coaches commented that they rarely met with 351 fellow coaches to discuss their practices and that the workshops benefitted from encouraging 352 question asking, discussion, and debate. As an example, one coach stated: 353
You got to hear about other peoples' perspectives. Whether you agreed or disagreed, 354 they're still coaching in that style, they still have that point of view. That helps you 355 make better decisions when you're working with your athletes and it helps you 356 understand your colleagues better when you're coaching with them. 357
Coaches also reported that their insights about their coaching practices were enhanced 358 through their participation in the workshops. Coaches commented that they typically did not 359 engage in self-reflection and that the workshops offered a unique opportunity to examine their 360 practices, why they engaged in particular behaviors, and the athlete outcomes they were 361 targeting through their coaching. As one coach stated: 362
What was interesting was to take a step back and evaluate how much my coaching fits 363 into the different styles and ways of coaching. It was good taking a step back and 364 looking at the research that I could apply to my coaching. 365 Coaches also identified that the workshops affirmed their current coaching practices. 366
Although such perspectives are supported through athletes' responses to the questionnaires at 367 baseline (e.g., athletes' perceived their coaches as largely autonomy-supportive), they may also 368 explain why some coaches did not report adopting new skills following the workshops. That is, 369 coaches already believed they possessed the skills being discussed in the workshops and, as 370 Coaches identified that the skills that were presented in the workshops were applicable 374 to settings outside of sport. Coaches reported using the skills in their home and work lives. "I 375 liked the content emails where you provided a little snapshot or case study. I've passed themonto my own clients from a business sense." One coach mentioned that he continued to 377 practice the behaviors discussed in the workshops at follow-up. This coach stated: "I really 378
liked the idea about developing autonomy on the water. I was playing with that today actually." 379 While this is a benefit of the intervention, the limited reference to the application of workshop 380 skills by the other coaches raises questions about why autonomy-supportive behaviors were not 381 more readily adopted (see below for further discussions). 382
Intervention barriers. Coaches also identified four barriers to adopting the autonomy-383 supportive behaviors discussed in the workshops including, restrictions on time, relapsing into 384 previous coaching practices, limited understanding of the workshop materials, and a 385 dissonance between the workshop content and the performance context. Although only noted 386 by one coach, most coaches (not just those interviewed) appeared to be hindered by time 387
demands. The majority of coaches (n = 17) were employed in fulltime work and/or had family 388 commitments outside rowing. Further, and in support of this point, during informal discussions 389 between the lead researcher and the coaches, coaches often stated that their resources were 390 stretched across large athlete cohorts and that additional coaching staff were needed to 391 unburden their coaching workload. Coaches also believed that, while they engaged in 392 autonomy-supportive behaviors immediately following the workshops, they reverted to their 393 original coaching practices over time. As one coach remarked, "I think I have a default style. 394
Because work is so busy, you try something new for a few weeks, then you become lazy and 395 go back to how you were before". 396
During the interviews, coach also revealed, often unknowingly, that they had 397 misinterpreted aspects of the workshops. An example of this theme was a coach who believed 398 that autonomy-supportive coaching meant forfeiting 'honest' feedback, when, in reality, 399 coaches who prescribe to autonomy-supportive coaching practices provide frequent, non-400 controlling feedback to foster perceptions of competence and strong coach-athlete 401 as coaches, the belief that coaches are responsible and accountable for athletes' performance) 480 or below (e.g., responding to passive athlete behavior). Researchers could address pressures on 481 coaches by developing strategies that help de-emphasize the power differential between 482 coaches and athletes; working with key stakeholders (e.g., parents, club executives, sport 483 governing bodies) to loosen the responsibility and accountability of coaches; highlighting and 484 providing examples of the differences between notions of control and structure; 485 communicating that while not intended, controlling behaviors further undermine athletes' 486 interests and engagement; and educating individuals that controlling coaching does not equate 487 to competent coaching. These recommendations are a meaningful starting point, but 488 researchers also need to acknowledge that certain pressures (e.g., the cultural value placed on 489 controlling behaviors) would require considerable effort and time to reduce (Reeve et Coaches felt as though the workshop content was unrelated to rowing (3)
Coaches were unable to commit to the coaching behaviors suggested in the workshops because of time demands beyond rowing (2)
Reverted to previous coaching style (2)
